Natural fibers having more advantage compared to man-made fiber, such as glass, carbon, Kevlar fiber. But due to the hydrophilic nature of natural fiber gives poor adhesion between fiber-matrix. This will decrease the properties of polymer composite. In this study influence of surface pre-treatment with sodium hydroxide and hybridization effect of natural fiber are investigated on flexural test and free vibration behavior. In this work sisal and banana natural fibers are used in short and random orientations to prepare the polymer composites using compression moulding method. From the experimentation, it is found that chemical treatment improves the mechanical and free vibration properties of polymer composites due to the enhancement of interfacial bond between fiber and matrix as the result of chemical treatment.
Introduction
Natural fibers are potential replacement for synthetic fibers in automotive and aerospace engineering applications due to the low carbon footprint associated with them. Reducing the resonant amplitude of the vibration is an important issue in a machine component design process. Generally, damping associated with fiber reinforced composite structure is higher than conventional metal structures due to the visco-elastic behavior, fiber-matrix interaction and the damping due to damage.
Recently, natural fibers have been used as reinforcement in composites in place of synthetic fibers because of their light weight, nonabrasive, combustible, nontoxic, low cost and biodegradable properties [1, 2] . Natural fibers are introduced as a replacement to synthetic fibers in order to reduce the environmental impact of non-biodegradable materials. Recently, Ku et al. [3] reviewed tensile properties of natural fiber reinforced polymer composites and reported that the tensile properties of natural fibers are very good and can be used to replace the conventional fibers such as glass and carbon in reinforcing plastic materials.
Even though natural fiber has more advantage it gives poor adhesion between fiber and matrix due to the hydrophilic nature [4] . Because natural fiber form of cellulose, hemi cellulose and lignin. This cellulose covers by hemicellulose and lignin. This is called as amorphous structure. Due to this cellulose could not make direct links with matrix material. Because cellulose is a major element in natural fiber. It forms of strong links with glucose. But in the amorphous region hemicellulose and lignin are forms of loose hydroxyl group. It will react with an atmospheric molecule then allow to cellulose. This nature is called hydrophilic nature [5, 6] . This will create week interface between fiber and matrix. In order to improve this problem many researchers suggest chemical pretreatment. This chemical treatment reduces the hemicellulose and lignin content in amorphous region. So it will allow for direct contact between cellulose and matrix.
Rong et al. [7] investigated the effect of various chemical treatments (alkalization, acetylation, silane coupling agent, and heating) on the sisal fiber epoxy composites and found that chemical treatment increases the adhesion between fiber and matrix. Rout et al. [8] investigated the tensile property of alkali treated coir-polyester composite. From their results it conformed alkali treatment gives better property and also many researchers reported that alkali treatment remove hemicellulose and lignin effectively from the cell wall. Venkateshwaran et al. [9] studied the effect of sodium hydroxide treatment on banana/epoxy composites and found that 1% sodium hydroxide treatment has high mechanical property compared to other case. Khalili et al. [10] carried out the free vibration analysis of trilayer sandwich beam using dynamic stiffness and finite element methods and they considered various parameters of core material such as density, thickness for boundary condition on the first natural frequency. Jeyaraj et al. [11] investigated the effect of thermal load on vibration response and damping behavior of laminated composite plate numerically. They found that modal damping increases with temperature, which in turn reduces the resonant amplitude of vibration. Kumar et al. [12] carry out free vibration on short and random oriented sisal and banana polyester composites. They found that fiber length and varying weight percentage of fiber in composite influences the mechanical and damping properties of composites.
From this above literature study, it is found that chemical treatment with sodium hydroxide is very effective and cheaper one compared to other surface treatment. The natural fiber reinforced polymer composite structures can be used as a replacement of conventional metals and laminated composites in some low and medium load applications. It is important to analyze the free vibration behaviour of natural fiber reinforced composites. In this work three point bending test was carried out for finding the flexural strength of Banana, Sisal, Banana/Sisal (hybrid) reinforced polymer composite beams with different weight percentage natural frequency associated with first three bending modes are studied using impulse hammer method.
Experimental detail

Material used
In this study banana and sisal fibers are used as reinforce material in short and random form. Fibers which are used in the present work are purchased from local dealers and unsaturated isophthalic polyester resin and Methyl Ethyl Ketone Peroxide (MEKP) hardener with weight ratio of 10:1 used as matrix material. The resin and hardener are purchased from Vasavibala resins Ltd., Chennai, India.
Preparation of Composites
In this study composite laminates are prepared with dimensions of 270mm x 250mm x 3 mm using compression moulding method. Initially the known weight ratio of resin, hardener mixer was stirred with different weight percentage of banana and sisal fiber. Then pour this known amount of mixed fiber resin mixer into inside the mould and closed it. Then 17MPa pressure was applied over the mould to compress the laminates uniformly. After 5 hours, allowing curing the composite was removed from the mould, then these laminates were cut in the size of 127 x 13 x 3 mm3 for flexural test and 200 x 35 x 3 mm3 for free vibration test.
Results and discussion
From Table 1 , it shows increasing fiber weight percentage in polymer composite increases mechanical property of the composite significantly till 50 wt % (Weight percentage) of the fiber. Further adding fiber in composites causes decreased the mechanical property of composites. This is due to poor interfacial bonding between fiber and matrix, non-uniform distribution which results in a poor low load transfer between the fiber and matrix. From the results it concluded that 50 wt% of the sisal fiber composite has high flexural property compared to other type of composites and also out of banana, sisal and hybrid composite, hybrid composite give poor results. Because in hybrid composite banana and sisal fiber are added equally and also banana fiber has less cellulose content compared to sisal fiber. So weak fiber reduces the stiffness of composite material due to this, it is not improving the mechanical property significant. In order to improve the mechanical property of natural fiber composite fiber surface are treated with 1% of sodium hydroxide solution. Influence of surface treatment is shown in Table 2 for 50 wt% composites. Because from Table 1 it concludes beyond 50 weight percentage it gives less property. So in the case 50 wt% composites are treated with 1% sodium hydroxide solution and results are compared with untreated one. From the results found that surface treatment is improved mechanical property effectively. Because surface treatment is removed impurities and hemi cellulose, lignin from the amorphous structure of the fiber cell wall effectively. So it will allow contact between cellulose and matrix material effectively. From the results, sisal fiber surface treated composite improve the mechanical property effectively. Table 3 shows the natural frequency and damping factor of banana, sisal, banana/sisal hybrid and chemical treated composites. From the results it concluded that increasing the fiber content up to 50% in composite, increasing the frequency of composite in all types of composite. Further adding fiber in composite decreasing the natural frequency of composite specimen. It indicates higher the fiber content in composite reduce the stiffness of the material. Because higher fiber content creates poor adhesion between fiber and matrix and more agglomeration in the matrix which decreases the strength of composite. But 35 weight percentage composite shows higher damping value. This is because fiber-matrix interaction is more in the type composite and also it has more surface contact to make a bond between matrix material. Furthermore, to improve natural frequency and damping value of composite, fibers treated with Sodium hydroxide solution. Table 4 shows the natural frequency and damping factor of sodium hydroxide treated natural fiber composite. It revealed that chemical treatment increases the adhesion between fibermatrix. So it increases the stiffness of composite material compared to untreated natural fiber composites. It is evident from Table 4 . Because fiber surface treatment increased the rigid adhesion between fiber and matrix and also it increases the modulus of composite material as shown in Table 2 .
Conclusion
Banana and sisal fiber randomly oriented reinforced polymer composite has been investigated for natural frequency and damping factor. Influence of different weight percentage on banana, sisal and hybrid composite are studied. It is found 50% composite has maximum natural frequency compared to other type composites. Because it increases the stiffness of the material. Furthermore, 50 wt% composite was treated with sodium hydroxide. The result shows that chemical treatment increases the modulus of the material and increases the stiffness of the composite.
